ABSTRACT. Leaf-litter amount as a factor in the structure of a ponerine ants community (Hymenoptera, Formicidae, Ponerinae) in an eastern Amazonian rainforest, Brazil. Leaf-litter may be an important factor in structuring ponerine ant communities (Hymenoptera, Formicidae, Ponerinae) in tropical rainforests. We specifically examined how leaf-litter affects the structure of a ponerine ant community in primary Amazonian rainforest sites at the Ferreira Penna Scientific Station, Pará, Brazil. A total of 53 species belonging to eight genera of three ponerine tribes were collected with mini-Winkler extractors. The amount of leaf-litter positively affected the abundance and richness of the ponerine ant community, and also influenced species composition. Nearby samples often had low species similarity, especially when adjacent samples differed in the amount of leaf-litter. Leaf-litter availability in Amazonian primary forests is a key factor for distribution of ground-dwelling ponerine species, even at small scales.
The heterogeneous distribution of resources affects the foraging, nesting and diversity of ants in tropical rainforests (McGlynn & Kirksey 2000; Armbrecht et al. 2004; McGlynn 2006) . In structurally complex ecosystems, such as tropical rainforests, ants are among the most important biological components. For instance, one-third of the arthropod biomass in Amazonian rainforests is composed of ants and termites (Fittkau & Klinge 1973) . On the whole, disturbance effects on ant communities have been related to human activities or to different vegetation and soil types (Philpott et al. 2010) . Compared with those modifications, much less is understood about natural influences on small scale variation on ant assemblages (Folgarait 1998; Mertl et al. 2009 ). In Neotropical wet forests, ground-dwelling ant species distributions are affected by local variations in food availability, nest sites, moisture contents and flooding (Levings 1983; Benson & Harada 1988; Majer & Delabie 1994; Mertl et al. 2009 ).
The leaf-litter layer of tropical rainforests is a conspicuous habitat for the fauna and is still little known. The processes of mineralization and decomposition of organic matter take place in the leaf-litter, and thereby influence the physical and chemical proprieties of forest soils, nutrient availability and the diversity of fungi, plants and others soil organisms (Sayer 2006) . The amount of leaf-litter varies significantly over time and space, since litter fall rates are associated with weather, seasonality, topography, soil composition and species distribution (Sayer 2006; Kaspari & Yanoviak 2008) . This variation in leaf-litter may affect leaf-litter ant communities by several pathways. In certain tropical habitats, high ant species density is associated with greater leaf-litter depths (Delabie & Fowler 1995) . In the leaf-litter and on the soil surface of tropical rainforests, the patterns of ant nesting and foraging are correlated to the spatial and temporal variability of the physicalchemical composition of litter, litter density in soil and vegetation composition and structure (Levings 1983; Vasconcelos 1999; McGlynn & Kirksey 2000; Vasconcelos et al. 2003) . Further, the leaf-litter is an environment with an abundance of arthropods that are potential prey items for ants and a series of microhabitats that are favorable nest sites to ants (Benson & Harada 1988; Silva & Silvestre 2004) .
The ponerines, after the myrmicines, are the most conspicuous and diverse ground-dwelling ants from tropical rainforests soil and leaf-litter (Overal et al. 1997; Brühl et al. 1999; Silva & Silvestre 2004; Santos et al. 2006; Quiroz- Leaf-litter amount as a factor in the structure of a ponerine ants community (Hymenoptera, Formicidae, Ponerinae) in an eastern Amazonian rainforest, Brazil Schütte et al. 2007; Schmidt 2008) . The ponerine ants are ecologically crucial, since they prey on various kinds of invertebrates and nest or forage in leaf-litter, rotten logs or soil. These ants are common in humid forest areas, but may be found in dry forest with seasonal rainfall (Lattke, 2003; Quiroz-Robledo & Valenzuela-González 2007) . The few ecological surveys available emphasize the influence of environmental variables on ponerine ant species composition, richness and abundance in Amazonia. Fagundes (2003) demonstrated the positive effects of soil clay percentage and litter amount on ant abundance for Ponerinae, considering the number of individuals.
In this paper we document the structure and species distribution of a ponerine ants community in the leaf-litter of six primary eastern Amazonian forest sites. Specifically, we evaluated the influence of leaf-litter amount on the ponerine ant species composition, richness and abundance. Our results add important information about knowledge of the ant faunas from discrete areas in Amazonia and provide baseline data for researchers in faunal management and conservation.
MATERIAL AND METHODS

Study site. Fieldwork was conducted during October 2003
and January 2004 at six 100 ha primary forests sites (Integrated management area -IMA -I, II, III, IV, V and VI) of the Tropical Ecology Assessment and Monitoring Project (TEAM)/Caxiuanã at Ferreira Penna Scientific Station (ECFPn) in the Caxiuanã National Forest, municipality of Melgaço, Pará state, Brazil (01°38'14"S to 01º47'41"S; 51°20'00"W to 51°36'33"W). The station is managed by the Museu Paraense Emílio Goeldi (MPEG), and is situated approximately 400 km west of Belém (Lisboa 2002) (Fig. 1) .
In this region, rainfall determines a distinct rainy season (December to May, with a monthly average >200 mm) and a dry season (June to November, with a monthly average <180 mm, just 60 mm in the drier months of October and November) (Costa & Moraes 2002) . According to Lisboa (2002) , the area of Caxiuanã National Forest may be divided into three basic environments: unflooded forest ("terra firme") that compose 80%, and the flooded forests ("várzea" and "igapó") that correspond to 20%.
Sampling Protocol. According to the ant methodology protocol of the TEAM Project, each plot of 100 ha was divided into four equal 25 ha quadrants. In each quadrant one 100 m transect line was randomly established where ten subsamples, taken at 10 m intervals, were taken. The same transect was not repeated during the study. Accordingly, 240 subsamples from 24 transects among the 6 plots were collected per collection period (during 15 days), totaling 480 subsamples and 48 transects in the two fieldwork trips. The sampling units consisted of transects (n = 48) to attest the sample independence at each site.
Invertebrates were extracted from leaf-litter samples using the mini-Winkler method (Bestelmeyer et al. 2000) . Each 1 m² leaf-litter sample (transect subsample) was collected and sifted during 60 s. After sifting, the material was transposed to a mesh-bag (0.4 cm of gap diameter) and placed into a miniWinkler extractor during a 48-hour period to collect the ants.
The amount of sifted leaf-litter per subsample was recorded, from which the leaf-litter volume per transect was determined. Before being placed into a mesh-bag, the sifted leaf-litter volume was measured with a 500 ml beaker. All the ponerine ants were identified to species or morphospecies. Voucher specimens were deposited in the Invertebrates Collection of the MPEG.
Data analyses. The frequency of occurrence of species at all transects within a site was recorded rather than number of individuals as an indicator of abundance. This method is a better parameter for ants, because of their sociality procedure (Romero & Jaffe 1989) . In view of that, we had no ponerine ants abundance per sample (transect), but per site (n = 12). The overall abundance per ponerine species consisted of occurrence frequency (number of records) from all transects. Species richness was assessed as the number of species collected in each transect.
To evaluate the effects of leaf-litter on ponerine ant species abundance and richness, we used linear regression analysis. The total volume of leaf-litter per plot (n = 12) and per transect (n = 48) were the predictive variables for ponerine ant abundance and species richness, respectively.
Variation in species composition was analyzed using an ordination method. The sample (transect) species incidence (presence or absence) matrix was subjected to non-metric multidimensional scaling (NMDS) for an ordination with a two-dimension solution, which used Jaccard distance as the association measure. The NMDS is a robust ordination method for non-linear data, and its performance, at few dimensions, has been considered more precise than other indirect ordination techniques. A stress value is give by the array of obtained versus observed ranks, such that values approaching zero give better resolution between ordination dimensions. The r² values are the coefficients of determination between distances along each ordination axis and the original distances. These values indicate how representative are the axes to the grouping or partition of the points in the obtained configuration (Hammer et al. 2008) . We also used the species incidence matrix to calculate the Jaccard index of similarity, a standard index for binary data, from which we analyzed the species composition variation per sample.
Pearson's linear correlation was used to analyze the relationship between leaf-litter volume and ponerine ant species composition. Since the composition data is not continuous, we submitted the ordination scores (NMDS) of the first two axes, representing the variation in species composition. The predictive variable was leaf-litter volume.
To verify the normal distribution assumptions of all variables, we used the Shapiro-Wilks test. Data on leaf-litter volume were square-root transformed, but no transformation was needed for data on species composition (ordination scores), species abundance or species richness. All analysis were performed with the PAST v. 1.99 statistic package (Hammer et al. 2010) .
RESULTS
Species abundance and richness.
A total of 320 records of ponerine ants were collected in 48 samples. We identified 53 morphospecies (hereafter called only species) (2854 specimens) of three tribes and eight genera (Table I) . Only 24 species name were identif ied, and the others (29) were morpho-typed.
Among all genera, Hypoponera was the highest in both abundance and number of species (188 occurrences; 21 species), followed by Pachycondyla (57; 15), Odontomachus (35; 8), Anochetus (31; 4), Leptogenys (3; 2) and Thaumatomyrmex (4; 1). Platythyrea and Simopelta were represented by only one species at one occurrence. Hypoponera and Pachycondyla together accounted almost 68% of species (36) and were over 76% (245) of the total abundance. Seven (13.21%) of the 53 species collected represented more than 50% of the total abundance (Hypoponera sp.1, Hypoponera sp.2, Hypoponera sp.6, Hypoponera sp.7, Hypoponera sp.8, Odontomachus scalptus and Pachycondyla constricta) and 18 species (33.96%) were collected only once (singletons) (Fig. 2) . A great range in number of species per sample was observed: the samples yielded between 1 and 14 species, with a mean of 6.67 ponerine ant species per sample (Fig. 3) . Most species (58.49%) occurred in just one season (9 exclusively during the dry season and 22 species during the (22) of species were shared between the dry and rainy seasons. Twenty one (39.62%) species were found at only a single site (3 exclusively in IMA I; 2 in IMA II; 4 in IMA III; 5 in IMA IV; 6 in IMA V and 1 in IMA VI) and only six species (11.32%) were found in all sites.
Species abundance (frequency of occurrence) and richness were associated with leaf-litter volume. The linear regression analysis indicated that the species abundance (r² = 0.37, t = 2.44, p = 0.035) (Fig. 4) and richness (r² = 0.38, t = 5.28, p < 0.01) (Fig. 5) increased linearly with leaf-litter volume. The total volume of sifted leaf-litter submitted to extractors was 242,200 ml, the mean volume per transect was 5,045.83 ml and per site volume was 20,183.33 ml. Thus, we got seven ponerine ant species per sample unit and 27 occurrences per 100 ha plot, on average, in the primary forests of Caxiuanã, by using Winkler extractors.
Species composition. The NMDS indicated higher similarity of species composition between the dry samples (October), as these samples were slightly more aggregated than the rainy ones (January), in the obtained configuration (Fig. 6) . Hypoponera sp.8 yielded higher eigenvalues in the rainy samples.
The ponerine ant species composition varied with leaflitter quantity for one of the two NMDS axes. The linear correlation analysis described a significant amount of variation in the species composition (eigenvalues of NMDS Axis 2) along a leaf-litter volume gradient. However, axis 1 showed no significant correlation, but the probabilistic value approached significance level (Table II) .
The average community similarity measured by Jaccard index was low (µ = 0.27), ranging from 0.00 (even among samples from the same IMA and collection period) to 0.75 (found only among samples from different IMAs and periods). Table II The first and second NMDS dimensions were most representative of variation in species composition (Table II) . There were few superposed points in the ordination configuration, suggesting a relatively low similarity between the collection periods (Fig. 6) . The arrangement of data points can be explained by the representativeness of some species in a determined collect period. Hypoponera sp.5, Hypoponera sp.6, Odontomachus scalptus, Pachycondyla constricta and P. harpax species were more abundant (relatively) in the dry samples; whereas Anochetus horridus, A. mayri and DISCUSSION Species abundance and richness. As expected, the sampling effort used in this study yielded high ponerine ant species abundance (320 occurrences) and richness (53 species) in the leaf-litter stratum of primary forest in eastern Amazonia. Other work conducted in Caxiuanã primary forests (Overal et al. 1997; Souza et al. 2007; 2009; Bastos & Harada 2009 ) indicates high ponerine species richness, too, but shows fewer species than the present results. Overal et al. (1997) investigated ants assemblages of periodically inundated and "terra-firme" forests collecting by means of tuna, honey and biscuit baits, entomological net sweeping the vegetation, Berlese funnels (leaf-litter samples), and hand-collecting. Twenty-one ponerine species were found, most nesting in the soil and foraging in the leaf-litter or soil. However, according to authors, there were preliminary results obtained without a standardized sampling protocol. Using Winkler extractors and pitfall traps (of the same TEAM/ Caxiuanã Project Protocol), Souza et al. (2007; 2009) analyzed the diversity of Pachycondyla species collected during the dry season. Fifteen species were found, 6 exclusively from pitfall traps and 4 from Winkler extractors. Bastos & Harada (2009) studied the distribution of Odontomachus species in the same sites during a year (January 2003 -January 2004) using Winkler extractors, and found 10 species that tended to spread distinctly between the seasons.
The relatively high fraction of unique species (~34%) and the low fraction of numerically dominant species (~13%) cor-roborate what is expected to leaf-litter ant community in Neotropical region with the employed methods (Olson 1991; Longino et al. 2002; Leponce et al. 2004) . Most of the rare species belong to the genus Hypoponera and possess the typical morphologic characters of cryptic ants with hypogaeic habits that occasionally forage on the soil surface (King et al. 1998; Hoffmann & Andersen 2003; Silva & Silvestre 2004; Delabie et al. 2007 ). This rarity strongly suggests that the use of the mini-Winkler method select the mesofauna in leaf-litter layer and soil surface at sampling time. Some epigaeic species of Dinoponera, Odontomachus and Pachycondyla, although expected to be present, were absent or seldom recorded due other selectivity in the mini-Winkler method. The small standard mesh-bag gap size for Winkler traps (diameter = 0.4 cm) may explain the rarity or absence of these species, usually with individuals larger than the meshbag holes, these being better sampled with pitfall traps (Olson 1991; Souza et al. 2007 ). Ants of leaf-litter were better sampled by using pitfall traps and mini-Winkler extractors, in Caxiuanã primary forests (Souza et al. 2007 (Souza et al. , 2009 . As these two sampling methods are complements (Souza et al. 2007 (Souza et al. , 2009 ) and the most ponerine species occurred in just one season (9 species exclusively in dry season and 22 in rainy season), we suggest to use sampling designs including pitfall, Winkler and others methods during two seasons and along several sites to assess and monitoring the leaf-litter ant diversity in Amazonian primary forests.
This study showed that leaf-litter amount positive correlates with ponerine ant abundance and richness. The results suggest that the heterogeneous content of leaf-litter amount directly affects the diversity of ants that inhabit or forage on the soil surface of Amazonian forests. Fagundes (2003) also found a positive relationship between the number of Ponerinae ants and leaf-litter quantity, but he did not treat the community at the specific level. The high local ant diversity in tropical rainforests can be related to an ample variety of nest sites available to specialized ants (Benson & Harada 1988) . Our survey supports this hypothesis, considering the ponerine ants from leaf-litter of primary forests in eastern Amazonia. Patches with higher leaf-litter volume on forest soil have more physical resources (e.g., available sites for nest or shelter) (Shik & Kaspari 2010 ) and food for ants, which are attractive to colony establishment and development and foraging of predatory species (McGlynn & Kirksey 2000) . Further, these patches provide many shelter sites, since cryptic species are obviously more difficult to see in deep leaf-litter (Blüthgen & Feldhaar 2010) .
In view of natural disturbances, in time and space, of leaflitter density in Neotropical forests, the structure of ant communities tends to be significantly modified (Byrne 1994; Campos et al. 2007) . Moreover, the leaf-litter ant communities presents a dynamic of re-colonization and nest relocation according to this environmental variability, especially due to preferences for some resources (nests or food) (McGlynn 2006; Campos et al. 2007; Blüthgen & Feldhaar 2010) . Therefore, the high faunistic dissimilarity found at small scales strongly suggests that local scattering of leaflitter density is highly heterogeneous. This aspect supports the coexistence of forest floor plants and mesofauna soil species, although it harms the locomotion of small arthropods and usually generates zones of ecological successions (Kaspari & Weiser 1999; Sayer 2006; Campos et al. 2007 ). These factors help to explain the spatial and temporal changes, as well as the high local diversity, of ponerine ant communities in the leaf-litter stratum of the primary forests in Caxiuanã. Our results evidenced these ecological mechanisms. Biotic relations (as intra-and interspecific interactions) of the species were not analyzed spatially, but these also could be related to leaf-litter volumes (McGlynn & Kirksey 2000) .
Species composition. Collections with mini-Winkler extractors show high proportions of unique species, underlining their importance in studies of species composition (Olson 1991; Bestelmeyer et al. 2000) . Some ecological surveys that assessed effects of environmental change on ant assemblages leaded no differences in the species richness and abundance, but it was true to species compositions (see Ribas & Schoereder 2007) . So, as suggesting Kaspari & Majer (2000) , the species composition might be an important structural variable of these assemblages. Our results suggest to use of quali-and quantitative methods to help us to assess the effects of environmental changes on ant assemblages, such as mini-Winkler to ponerine ants of leaf-litter.
We found a positive association between leaf-litter volume and ponerine ant species composition, indicating that leaf-litter composition could be a determinant factor for the presence of certain species (Armbrecht et al. 2004) . As ants forage and nest according to local nutrient limitation and resource availability (McGlynn & Kirksey 2000; McGlynn et al. 2007) , and since leaves, small twig sticks, seeds and other special components are unequally distributed in the leaflitter, ants of different kinds or functional groups should also be heterogeneously distributed on the forest floor. For instance, when a species exploits immature ants in its diet, it is more probable to occur (foraging) in leaf-litter patches with high density of ant nests, where this resource abounds (McGlynn 2006) . In order to understand the presence or absence of an ant species or functional group, we must also take into account the species biology and community interactions. Thus, the predatory behavior or competitive interactions for a specific resource may influence the presence or absence of an ant species at a given site (Ribas & Schoereder 2002) . For example, species of Thaumatomyrmex are specific predators of millipedes (Brandão et al. 1991) , and the deterministic causes for millipede distribution therefore also likely influence distribution of their predators.
Co-existence of several species in a habitat can be explained by the relation between nesting habit and food resource preferences, which naturally affects niche differentiation in ant communities (Blüthgen & Feldhaar 2010) . For leaf-litter ponerine ants in Caxiuanã this hypothesis was confirmed, since the gradual increase of leaf-litter density creates microhabi-tats with prey items or other concentrated specific resources influencing community composition and supporting the coexistence of several species. The rare species of the genera Platythyrea, Simopelta and Thaumatomyrmex, which show peculiar natural history aspects, such as specific diets and predatory habits, were found only in samples with high leaflitter volumes.
The low faunistic similarity among relatively nearby samples collected at the same period, strongly suggests that environmental heterogeneity on a small scale (verified with the divergence in leaf-litter volumes) affects ponerine species distribution independent of (or with low dependence on) the spatial distances between sampling sites. Moreover, as leaf-litter availability appears to be heterogeneous, the leaflitter amount has shown to be an important factor in structuring ground-dwelling ponerine ant communities in eastern Amazonian rainforests.
